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Overview

* Introduction
* Mechanical properties
* Thermal properties

* Optical properties

=  focus

* QOpen questions

* Summary
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Introduction

* novel materials needed beyond 2"9 generation of GW detectors

* besides national project coordinated EU efforts lead to pan-
european efforts:

— ELITES  (scientist exchange with Japan)
— ET R&D (technologies for ET)
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Introduction

* design of the Einstein Telescope in Xylophone configuration
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Mechanical loss of bulk materials
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Surface effects on the mechanical loss
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Mechanical properties

* Young’'s modulus influences deformation energy and this thermal

noise Orientation (100) (110) (111)
Normal energy 0.77 0.52 0.3
Shear energy 0.23 0.40 0.45
S, without defects 1 0.91 0.88
S, with defects 3.05 4.48 4.92

* Breaking strength tests of Si-Si, Si-Sapphire, Sapphire-Sapphire
samples
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e absorption of samples — residual heat needs to be extracted

through suspension

e conductivity dependent on surface quality (phonon scattering)
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Measurement techniques

e static method * dynamic method

like measuring a resistor pulse propagation contains all
information needed

feeding heat in, measurement of

temperature difference measuring the speed of a thermal
pulse

limits: calibration uncertainty of limits: time (!), system acts like a low

sensors at high conductivities pass with very low cut-off frequency
(<1 Hz)
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Study of highly conductive elements
e suspension elements, bonds, etc. needed
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OPTICAL PROPERTIES
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Defects in Sapphire -

» often: residual amounts of chromium
— ruby laser transition @ 694 nm

excitation at 532 nm high concentration low concentration
of chromium of chromium

(additional 694 nm
narrow band filter)
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Birefringence
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Optical absorption of silicon

cryogenic temperature
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* systematic studies in different labs with different techniques and

dopants
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Optical absorption of silicon

* band —band — absorption

112 eV photon energy extremly low band-band-
(@ 300 K) at 1550 nm: =3  absorption expected by multi-
~0.8eV phonon processes

A4

e other process needed
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Optical absorption of silicon

* room temperature * cryogenic temperatures

e e e e
 all dopants (shallow  all dopants (shallow

impurities) ionized impurities) in their
ground state
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Optical absorption of silicon

* room temperature * cryogenic temperatures

absorption of 1550 nm light by  absorption of 1550 nm light by
free carriers neutral dopants

o O o o

sofar: simplified model, more detailed model includes real band structure and
phonon-assistance for transitions (silicon -> indirect semiconductor)
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Optical absorption of silicon

* free carrier absorption (high temperature limit)
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Optical absorption in silicon
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Optical absorption of silicon

* interpretation of experimental data
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but so far: high temperature part fitted by (partially motivated) linear function
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Optical absorption of silicon
 What about other impurities?
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* shallow impurities under good control (otherwise no silicon
electronics possible)

e deep impurities are neutral at room temperature — they already
contributed to room temperature measurements (4ppm/cm!)
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Measurements at high temperatures
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more studies needed to understand the processes...
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Optical absorption of silicon

e What can we learn for ET?

— 2 counteracting absorption processes

— low temperature values in boron-doped material comparable to
room temperature values

— leading effect from shallow impurities (dopants)

— at very high purity samples: contribution from other impurities
expected

— What is the minimum absorption we can hope for realistically?
— input for suspension team
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Open questions

* impurities in materials and their electronical behaviour
e fabrication techniques for higher purity silicon

* size of materials

e polishing of material

e surface quality (surface analysis techniques)

e deliverable for ELITES:
document comparing sapphire and silicon mirrors
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Summary

* mechanical, thermal and optical properties of silicon and sapphire
under study

e pan European activity with links to Japan

» choice of material (doping, orientation, etc.) depends on different
aspects

* biggest open questions are technological issues

ELITES deliverable due until 27/02/2015
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